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ABSTRACT

Structural assessment and repairability of the steel "H"-

piles supporting Pier Lima, Naval Station, Guantanamo Bay,

Cuba are presented. Field data gathering techniques
included underwater ultrasonics, underwater and above

surface visual inspection and measurement, still photography,

and underwater television. Areas of inspection included

existing pile jackets, detailed underwater inspections of

piles, pile-pile cap connections, and the existing fender

system.

Analysis was conducted using field data and government-
furnished information. Scope of work was limited to

assessment of piles on singular basis, with pier system

comments and conclusions included in general ternis.

The pier was found to have only approximately half of its
original capacity. Re-jacketing most of the piles with

concrete jackets, re-securing pile-pile cap connections,

and installation of a new fender system and batter piles
is recommended as a cost-effective repair to bring the

pier to approximately 90 percent of its original capacity.
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INTRODUCTION

This report is the final product of the engineering services,

provided by Wiswell, Inc. to assess the structural condition

and repairability of the structural steel "H"-piles supporting

Pier Lima at the Naval Station, Guantanamo Bay, Cuba. This

assessment includes underwater inspection and documentation,

assessment of available past inspection data and drawings of

the pier and other Government furnished information, engineering

calculations, and the determination of repair techniques

including a cost and timc estimate for the repairs to be

made.

This assessment was conducted under Contract No. N62477-79-C-0387

with the Department of the Navy, Chesapeake Division, Naval

Facilities Engineering Command through the Ocean Engineering

and Construction Project Office. Wiswell, Inc. personnel

conducted onsite inspections from July 31 thru August 3, 1979.

The objective of this project is to assess the structural

condition and repairability of the steel "H"-piles supporting

Pier Lima. To accomplish this assessment, inspections were

made of existing pile jackets, underwater conditions of

the steel "H"-piles, pile-pile cap connections, and the fender

system. The information gathered on the conditions encountered

is presented in the text of the report and in Appendices

I, I1, II, IV, VI, and VII.
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BACKGROUND

A detailed underwater inspection was conducted of Pier Lima,

Guantanamo Bay, Cuba from July 30 thru August 3, 1979. This
inspection included a detailed ultrasonic inspection of some

16 piles as well as basic inspection of the remaining piles in
the structure. Also inspected was the pile deck itself, fender

pile system, and other factors contributory to the integrity

of the structure.

After the piles to be inspected,using ultrasonics were chosen,

the piles were cleaned at three elevations. These elevations
were directly under the pile jacket, at the mudline, and at a

distance approximately half way between these two locations.

At each elevation the piles were cleaned of biofouling and ox-

idation down to clean metal. This cleaning was done on one

flange and one side of the web at each location with additional
cleaning of the opposite flange at the upper elevation. This

cleaning was done for a band 6 inches to a foot wide. This
cleaning allowed not only an accurate visual inspection of

the structural steel but also allowed a clean, corrosion-

free surface for the ultrasonic testing.

Once the pile had been cleaned the diver/engineer would inspect

the pile. The pile inspection consisted of both visual,

tactile, and ultrasonic evaluation. Visually each cleaned
elevation of each pile was inspected for pits, deformations,

holes, and any deterioration or abnormalities. The growth

surrounding the cleaned area was inspected and in most cases

additional growth scraped off to determine the nature and

consistency of biofouling and oxidation. The piles were then

measured.
Measurements were primarily conducted using the ultrasonic

non-destructive test unit, but included the depth measurements
of any pits that were located using a pit gauge or the

ultrasonic unit. If it was possible to get the transducer

into the pit, holes were also measured using a conventional
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steel rule and thicknesses of the flange were measured and
verified using a caliper device.

Ultrasonic measurements were taken in the entire cleaned area

prior to a specific measurement being taken. This enabled

the diver/engineer to have an understanding of the area being

measured as well as knowledge of the exact location to be
measured in detail. A total of 15 readings were taken at each

pile consisting of seven readings just under the pile jacket,

four readings at a mid-depth location, and four readings at

a mudline location. In each case a series of readings were

taken and a mathematical average of the readings computed
as the mean thickness value for that specific location. It

has been found that this method allows a much more accurate

representation of the pile being inspected.

It is interesting to note that most pits had a steel thickness
of .25 inches to .35 inches while the area around the pits
was usually .42 inches to .47 inches. This was found to be

true in most areas with medium or deep pits.

Some abnormal conditions were noted on certain piles in that

very large, deep pits were discovered that were very
pronounced. These pits were by themselves and went almost

completely through the pile. A number of holes were also
discovered which had probably originated as one of the deep

pits. In most cases these deep pits and holes were located

only at the upper elevation directly under the pile jacket,
except for one hole located just above the mudline.

Upon completion of the detailed inspection of the 16 piles,

photographic documentation and video tape recordings of the

inspection techniques as well as conditions encountered were

made.
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EXISTING PILE JACKETS

There were basically four types of existing pile jackets at

Pier Lima. The first was an older-style short jacket

consisting of a very coarse concrete, 3 to 4 feet in length

with a diameter of 24 inches. The second was the newer-style

tall jacket approximately 6 feet long and 28 inches in

diameter with a concrete of a very fine texture. The third

consisted of jackets primarily located in the outer bents of

the pier which had cardboard Sonotube forms still in place
which were approximately 6 feet in length containing a

concrete with a very coarse aggregate. The fourth type of

jackets found were two square jackets of fine grain concrete
and two jackets made with 55 gallon drums.
The short, older-style pile jackets ranged in length from 3

feet to 3 1/2 feet long and consisted of a very coarse grain

concrete. The diameter of the jackets was found to be 24

inches. The aggregate used in this concrete was varied and

might possibly have contained shells. The present condition

of these jackets is very deteriorated. The top and bottom

sections of these jackets are cracking and spalling at the

flange corners due to the corrosive action of the piles. It
would appear that the steel piles were not cleaned enough

prior to the coal tar epoxy application to seal out the

moisture from the piles. Once the moisture had entered, a

corroding action began which then cracked the concrete pile

jacket. In some cases this forced portions of the jacket off
the pile completely. Signs of this type of deterioration were
noticed on a majority of the piles as noted in the appendix.

It was noted that large amounts of aggregate were exposed

in the concrete at the waterline, suggesting either a cold
joint or the leaching out of cement from the concrete due to
a sulfate attack at one time. It was also noted that there

did not appear to be as much exposed aggregate around the
other types of jackets. Also, on the shorter-style jackets,

3



it was noted that the bottoms of the jackets were highly

irregular and in many cases sections of the jacket had

fallen away with as much as 1 foot of the jacket missing.

The taller newer-style jackets were found to be in better

condition than the older-style jackets. These jackets had

a height of approximately 6 feet with some as long as 8

feet. On the average they had 4 feet above the water surface

and 2 feet of it extending below the water surface with a

diameter of 28 inches. The concrete in these jackets was a
fine grain concrete which appeared in very good condition.

Most of these piles had only one or two very small cracks

generating from the end of the flange outward in the cylinder

to the outer circumference of the pile jacket.

The third type of jacket inspected was the Sonotube-type

jackets. These concrete jackets were still encompassed by

the fiberboard Sonotube that was used as a form. Inspection
of the actual concrete was limited due to this coverage but

in many spots where the concrete was available for inspection

it was noted that an abundance of large aggregate was present

with little concrete showing. If these locations were points

that were leaking concrete during construction, this condition

would be quite possible. Without knowledge of the concrete

used it is difficult to determine the strength of these repairs.
The Sonotube jackets were approximately 6 feet to 8 feet long

and with the exception of a select few were in good condition.

It should be noted that the exceptions in most cases were

caused by improper support of the form allowing the form to

lose concentricity, allowing it to fall over and completely

block concrete from getting into the opposite side. This would

not allow adequate cover around the steel H-pile.
The remaining type of jackets found under the pier were

square jackets which were both 24 inches square and approximately

6 feet long, consisting of a fine grain concrete which appeared

to be in good condition and of good quality. Also two jackets

were found formed with 55 gallon drums.

4



During our inspection of the pile jackets, the amount and

type of cracks and spalls were noted and are included in

the appendix. In most cases small spalling cracks approximately

1/16" to 1/8" wide had generated from the flange edge

radially outward to the outer circumference of the pile jackets.
In the worst cases, notably the short older-style jackets this

deterioration had progressed enough to allow actual spalling

of concrete. This condition was caused due to the improper

protection of the upper portion of the steel H-pile as well as

a possible improper cleaning of the H-pile inside the concrete

jacket, allowing water entry and the corrosive action.

Another fault discovered in the inspection was that of the lack
of concentricity of pile jackets. To effectively protect and

strengthen the steel H-piles, the pile jacket must remain

concentric about the axis of the pile. On many piles this was

not the case. When the concrete pile jacket does not have

adequate cover over the steel pile, it both reduces the

structural strength given to that pile as well as allowing

moisture to seep back to the steel pile and allow the corroding

process to begin. On many piles inspected rust signs were

readily observable. Unfortunately, the GFI could not include

all records of the past repairs made to this pier. Therefore,

the time frame in which the smaller older-style repairs were
made is not known nor is there data on the concrete used for

the four types of pile jackets.
Due to the inability to inspect the concrete of those piles

that were encased in Sonotubes, structural conclusions are

based on small portions of the concrete inspected through

occassional opened sections. Further inspection including
concrete coring should be conducted on these piles, during

the repair phase, to further evaluate these piles.

5
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UNDERWATER INSPECTION

We feel that the underwater inspection of the 16 piles
portrayed a representative sample of the piles under the

pier and allowed conclusions to be made on the conditions

to be encountered on all piles in general. Several piles

were chosen due to the GFI identification as having "DW" or

decreased flange width. Both prior to and after cleaning

these piles, the corrosion of the flanges was apparent.

After the cleaning, the exact extent of the corrosion was

determined and noted. Several slides were taken of the

conditions encountered at each of the three inspection

elevations.

In most cases, the flange deterioration or "necking down"

of the flange was found at the upper elevations only. In

most cases, this necking down was located within 2 feet of
the underside of the pile jacket which would be between 2

feet and 4 feet below the water surface. Loss of section of
the flange was contained within a specific zone on each pile.

There were no lengthy sections of severe loss. It was found

that within a foot of this elevation, the pile flange once

again was at original width with a flange thickness at the

edge of 1/8" to 3/16".

Conditions encountered at the upper elevation usually consisted
of large deep pits with either knife edge flanges or scalloped

flange edges. Biofouling was heavy at this elevation although
soft and easily removed. Steel oxidation was present under

the biofouling in two layers. The outer most layer was

removed easily and was gray in color, the final oxidation level

was very hard and had to be forcibly removed and being black

in color. Pitting at this elevation varied from smooth steel

with a few deep pits to a pattern of small and medium pits

very close to each other creating a ripple. effect.

Conditions encountered at the mid-depth elevation differed

from the upper elevations in that no loss of flange section

was evident and fewer large pits were encountered. Biofouling
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was reduced substantially while the two oxidation levels were

basically the same as the upper elevation.

The mudline elevation inspection showed no loss of flange

section, very little biofouling, and the oxidation was found

to adhere more to the steel pile. Pitting at this elevation

usually consisted of a tight pattern of small and medium

pits over the entire surface.

The corrosion of steel in sea water has been found to be

0.005" to 0.010" per year, under normal conditions. However,

an accelerated, non-uniform type of attack, commonly called
pitting can occur. It seems to be generally accepted that

weight loss of submerged steel appears to be an increasing

function with respect to time. The pitting factor decreases

with respect to time, so the longer the exposure, the lower

the pitting factor. This pitting factor can double or triple

the weight loss in a specific area over a period of ten years.

Due to the limited area of severe pitting, effects of pitting

in a structural analysis of submerged steel piles is difficult.

An over-all knowledge of the extent of pitting and location of

most severe pitting is required, and even then, conclusions

remain only estimates. (Ref. Hosford)

At Pier Lima the average rate of section loss was 0.185 square

inches per year at the elevation below the present concrete

jackets. This is drawn from an average remaining cross-sectional

area of 16.1 square inches (or 75 percent of original) after

29 years of exposure. It should be noted again that the
rate of corrosion has been increasing with time and will

continue to increase. These above mentioned sections do

not, however, include the pitting factor which would further

decrease the remaining section by as much as 15 percent. Due

to the random locations of pits their effects can be factored

in directly, but must be considered in the final analysis.
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PILE-PILE CAP CONNECTIONS

During our inspection it was noted that several piles were

not carrying any load and that several piles were not
connected to the pile cap. In the case of piles not carrying

any load, gaps ranged from mere fractions to as much as
3/4 of an inch. Some of these piles were held in position

by bolts or lag screws while others were free to move and
were observed doing so with the wave action. In some cases

the pile plate was noticeably unparalled to the pile cap. In

the cases where only partial bearing was achieved, the trans-

fer of load from the deck to the pile when a live load was

applied would be questionable. Upon loading, the combination
of angled pile plate and partial bearing would cause the pile

to displace sideways out from under the pile cap.
Fasteners used in securing the pile plates to the pile cap

varied considerably from spikes to bolts to lag screws to
sections of rebar. In many cases bolts were present but loose.
When transferring a lateral load such as ship impact, these

loose bolts rather than acting in sheer, would act in tension
and would allow failure of the fastener. In some cases,

fasteners were only an inch or two from the outer face of the

pile cap which would allow the failure of the timber prior
to estimated yield. The bearing area of many of the piles

were found to be less than 50 percent. In these cases,

although a portion of the pile plate was in direct contact

and secured to the pile cap, the central axis of the H-pile
did not go through the pile cap. Depending on loads

exerted to the pier, this circumstance could greatly reduce

the actual capacity allowable for these piles.

8



FENDER SYSTEM

An inspection of the fender system on Pier Lima showed that

all piles were suffering from Limnoria attack and had a

reduced cross section at the waterline of at least 50 percent.

Many piles were broken at the waterline and some piles only

existed from the mudline to the water surface, with the top
portion missing. Some brand new piles were in position on the

northeast end of the pier.

Due to the apparent heavy Linmoria infestation and the

requirement of adequate fenders, the fender system must be

rebuilt and/or redesigned. While conducting our survey two
fender piles, one old and one new, were broken in half during

berthing operations. If the timber fenders are ineffective,

loads will be taken by the pier structure directly. One
concrete-jacketed H-pile was found to have been displaced

due to an impact and paint chips were still on the concrete

jacket.

9



BATTER PILES

The batter piles were found to be in poor condition. Many

batter piles had splices installed at the same elevation of
the top level of the concrete jackets which created a very

weak structural situation. The splices consisted of two

plates bolted to opposite flanges, which resulted in the

cross sectional area and strength of the pile being weakest
at this location. Also noted was that only a few batter

piles had adequate concrete coverage over the H-piles. In
most cases, the steel was covered by one inch or less of
concrete. The necessity of installing splices on these batter

piles reflects that problems were encountered at one time with
the structural strength of these piles. Unfortunately, the
repairs made to these piles did not adequately protect and
strengthen the weak areas. The installation of additional

batter piles appears necessary although replacement of

all batter piles is not called for.

10



ASSESSMENT OF STRUCTURAL INTEGRITY

It is the opinion of this firm and its principals that

Pier Lima, at Guantanamo Bay, Cuba, should be immediately

downrated and ship activity restricted. We feel that

the data developed herein supports this decision and

explains the necessities for this recommended action.

Several factors were considered in the structural assess-

ment. The average minimum cross sectional area of piles

was determined to be 78 percent, resulting in the average

pile capacity being reduced to 52 percent. This value

could be further reduced by as much as 15 percent on

specific piles that have holes and severe deep pitting

at the elevation under the concrete jacket. This "pitting

factor" was also considered as an additional variable in the

assessment. (Ref. Rogers)

The majority of the piles have the small older-style

jackets which are of questionable benefit. These jackets

appear to have temporarily restricted the corrosion of

the piles they encase, but not protect or fully strengthen

them. The spalling of these jackets, both topside and

underwater, demonstrates that this repair was improperly
designed and constructed. The length of the jackets is

inadequate to encompass the normal zone of deterioration

which is evident by the flange width loss directly below

these jackets.

The connections between the pile plates and the pile caps
were also inspected and factored into the assessment.

There exists over 150 piles which require new bolts and

installations, over 60 piles which need realignment, and

at least 12 piles that require shimming to properly

transfer any pier load. At least 5 sections of pile cap

were deteriorated enough to necessitate replacement or

reinforcing. These conditions, taken by themselves are

not as critical. Coupled with the pile deterioration and

lack of functional fender system they become significant.
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The existence of holes through the flanges and webs in

the existing H-piles, combined with the existence of
large, deep pits in the H-piles prompted careful study
of the piles to determine their structural strength
and repairability. This deterioration was primarily
located in the area directly beneath the smaller older-
style jackets, which constituted the weakest area of
the piles. However, due to the localized nature of the
severe deterioration, the piles are repairable.
Calculations of pile capacity yielded values of 38 to 57
percent of their original capacities, or maximum loads
of 48 to 119 kips. As mentioned earlier, heavy pitting,

flange corrosion, and the existence of holes could lower
these values an additional 15 percent.

The batter piles, as they presently exist, offer a fraction
of their original capacity due to the method of splicing
and jacketing. The jackets, while covering what is
suspected to be the area of worst deterioration, does not
consist of a proper structural repair due to the absence of
adequate concrete cover over existing steel. This fact
combined with the splice locations above the jacket, makes
this the weakest point in the pile. Under a load,the two
parallel plates would not offer proper restraint and a
deformation of the plates would occur and indeed has
occured in at least two piles. Rather than replace all
batter piles we suggest replacing strategica-iy located
batter piles, so positioned to provide proper lateral
restraint to the pier where the lateral loads would occur
during a berthing operation and under wind loads.
Due to these conditions we suggest a temporary downrating

of Pier Lima to 250 pounds per square foot. The derivation
of this value is outlined in Appendix I. This rating should
remain in effect until the suggested repairs are made and
further evaluation and rating of the Sonotube encased

piles has been completed.
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Although the scope of work has not included a complete

pier system structural analysis, some general conclusions

can be drawn from the site conditions coupled with the

calculations presented. Continued berthing activity

without an adequate fender system will allow all vessel

impacts to be directly transferred to the steel piles. In

their present condition, pile failure is quite possible

during a heavy lateral impact load.

Prior to the installation of a new fender system caution

should be exercised in all berthing operations so as not

to allow any significant impact load. The effectiveness

of the present fender design should be re-evaluate'&with

respect to both cost and effective life prior to timber
piles being replaced.

We suggest restricting berthing activities until a new

fender system has been installed. Restrictions should

include additional caution exercised in berthing
operations and all vessels should be tug-assisted. Tugs

should avoid any contact with the timber fender piles if

possible. During undocking operations two fender piles

were sheared in half due to the force a tugboat exerted
on it. Extra caution should be taken when winds are over

15 knots when any vessel is being berthed.
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ASSESSMENT OF REPAIRABILITY

1. PILE JACKETS All of the small older-style jackets

should be removed and replaced. In most cases these

jackets are presently cracked in the area of each

flange, making removal not difficult. Due to the

uncertain concrete strength, numerous cracks and

spalling occur both above and below the waterline,

so the jackets do not effectively add strength to the

piles. If these jackets were left on, they would

continue to deteriorate and offer less and less

structural strength.

The pile jackets that replace these should be longer

jackets, approximately 8 feet long, to encompass all

of the heavy deterioration of the piles. These

jackets should contain a reinforcing bar cage as shown

in the attached engineering drawing and should be of

proper 5000 psi concrete. After installation of the

pile jacket, the exposed steel pile between the pile

cap and the new pile jacket should be sandblasted to

commercial finish and a coal tar epoxy applied.

An alternate method of repair would involve bolting two

sections of MC 10 x 28.5 steel into the webs of the

corroded steel H-piles. Each pair of channels would

be bolted in place with ten (10) stainless steel bolts

of 7/8 inch diameter. This method of repair is

represented in Figure 2.

Due to the necessity of thorough cleaning of the steel

piles and the thinness of the pile in the area to be

repaired, this method, although an acknowledged repair

method, is not recommended. Furthermore, the extent of

corrosion of the steel at this location leads us to

recommend concrete as an appropriate repair material over

steel.

2. PILE CAP CONNECTION The repairs necessary to bring

the pile-pile cap connections to their original design

14



capabilities include:

(a New bolt installations. Presently spikes and

lengths of rebar are securing the piles and
these should be replaced with proper lag screws

or bolts, where applicable, to securely fasten
the piles to the pile caps. As mentioned before
there are approximately 150 piles requiring this

repair.
(b) Shimming of the piles. The shimming of piles

that are presently not carrying a load is
required. Due to the present configuration

this would best be achieved by jacking up

the cap in that location and installing spacers
or shims. There are approximately 12 piles

that require this repair.
(c) Repositioning piles. There are approximately

60 piles that presently do not properly line up

with the pile cap. These piles must either be

forcibly repositioned after bolts through the pile
cap have been removed, or if necessary larger

pile plate installed and additional timber pile
cap pieces installed to allow the pile to bear

more effectively on the pile cap system.
(d) Repairs to the deteriorated pile caps. There

are at least five pile cap sections which are

deteriorated enough to allow possible failure

of the pile cap. Repair of these timbers could

be accomplished either by removing a section,

replacing it, and securing this new section to

the existing timber pile cap splicing the two

together with a splice plate and bolts. An
alternate would be to form around the existing
timber and inject an epoxy resin/furgicide that
would not only strengthen the piece but also

halt any further rot or decay. The locations
for this work are at the ends of the pile caps
offering good accessibility.

15
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3. FENDER SYSTEM The fender system as it exists now is
ineffective. As mentioned before, either a timber

fender system or a rubber, marine fender system should
be installed to absorb any lateral loads such as ship

impact or wind loads.
If a timber fender system is to be reinstalled, protection

of the piles from Limnoria attack is desirable. Various

manufacturers of heavy plastic wrap such as Pile Guard
or Zippertubing have systems which cause stagnant water
to be trapped around the timber thereby destroying worms
attempting to attack the timber. Although this plastic
wrap cannot withstand ship abrasions, we feel that an
adequate protection system of walers would be adequate

to protect the plastic wrap from damage.

An alternate fender system would consist of Lord/
Bridgestone-type marine fender which would not require

any timber fender piles but would rely on the
compressive nature of the rubber fenders and the pier
structure itself for absorbing any impact.
After the recommended repairs have been completed the
pier, with the exception of those piles with the

Sonotube forms still in place, would achieve 100 percent
of its design capacities. As stated before, those piles

with Sonotube forms require further analysis in the form
of concrete cores taken of a representative sample of
piles. Depending on those results, the pier would be
rated at its full design capacity.
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COST AND TIME ESTIMATE

Estimates for both cost and time required to complete the

repairs have been computed for the above recommended repairs.

Due to the geographical location and associated logistics

problems of transporting men, equipment, and necessary

supplies, estimates are based on men and equipment departing

from Norfolk, Virginia on government-provided transportation.

The repairs to each pile consisting of removal of the old

jacket, cleaning of the piles, installing the reinforcing

cage, forming the pile, pumping it with a high strength

concrete and application of the coal tar epoxy is estimated

to be $1,158.30 per pile. This price consists of:

Concrete Forms $ 140.00

Hydro-Laser for cleaning 60.00
Misc. material & equipment 90.00

Labor, overhead & profit 868.30

$1,158.30

Based on 518 piles to be jacketed, the total for this repair

would be $600,000. We recommend the jacketing of a minimum

of 335 piles with an option for more piles to be jacketed,

as individually inspected. The minimum cost would be
$388,030.50, based on the $1,158.30 per pile. These price

estimates are realistic and competitive and in our opinion,

the lowest responsible bid would be very close to this figure.
The length of time required to complete this repair would be

approximately six to eight months.
The repairs to the pile-pile cap connections include the new

bolt installations, the shimming of the piles not presently

carrying a load, jacking piles into alignment, and the repair
of deteriorated pile caps. This work has been estimated at
a cost of $200,000 and would require two months to complete.

An estimate for the fender system was difficult to compile
due to transportation, etc., of the materials, equipment,

etc. It was noticed, however, that a large supply of treated

timber piles were present at the base. We feel that a Naval
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operation of replacing the timber piles would be more cost
effective than an outside contractor doing this work. The
cost for wrapping the timber piles is estimated at $250 per
pile. This wrapping would have to be conducted prior to

installation of the waler protection system. The cost for
the Lord/Bridgestone marine fender system is estimated at

$200,000.
The estimate assumes concrete to be supplied, without cost,
by the U.S. Navy batching plant located on the Naval

Station. Additionally, housing is to be supplied, without

cost, by the U.S. Navy at the Naval Station.

These repairs should extend the useful life of Pier Lima

an additional 15 to 20 years, with 100 percent of its
original capacity. The 100 percent capacity is contingent

on the further inspection of the jackets with forms remaining,
which could be easily factored into the repair contract.

20
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GENERAL SITE CONDITIONS

During the inspection it was noted that the tidal flux was

minimal, averaging less than a foot. In discussion with

personnel at the site, it was determined that the prevailing

wind was from the northwest which would be coming off the

shore in the area of Pier Lima.

It was also determined that the location of Pier Lima relative

to the harbor entrance made it a very busy pier as far as ship

activities were concerned.

Pier Lima was originally constructed as a timber pier with a

dry dock on the west side. The older timber piles were replaced

by steel piles in the size of BP 12x53 and BP 14x73 in the early

1950's. 232 of these piles were then jacketed to some extent

in the early 1970's. These jackets are referred to in the

text as the long, newer-style jackets. No data was available

on the dates or details of the jackets on the remaining piles,

which were protected with three different types of jackets.

The specifications for the early 1970's repairs call for

four types of jackets to be used, depending on the deterioration.

Reference is made to holes in piles, flanges missing and

remaining areas of less than 50 percent. Some 135 piles

required the more extensive repairs.

We must assume that in view of the generally poor condition

of some of these jackets that this deterioration has

continued and is now more severe than at that time.
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PILE DATA BACKGROUND

2BH 3 + bhk
b 1= 12

S I BH3 + bh3

C 6H

12 (BH + bh)

A = BH + bh

K = 1.0, assuming top of pile not fixed or
braced.

1 = h = 10' + (mudline to waterline) +
(waterline to cap)

To calculate the moment of inertia, section modulus, and radius

of gyration for the piles inspected in detail, certain assumptions

had to be made. The average flange thickness was taken as the
mathematical average of the values taken at each elevation. The

web thickness was taken as the mathematical average of the web
thickness readings at each elevation.

The flange width offered a problem in that the knife edge

shape of the flange as it approached the end made it difficult
to get a realistic width measurement. In many cases, there was

a scalloped effect where it was readily ascertainable that the
width was decreased. In each case where the scalloping occurred

the flange width approximated 12.5 inches. These cases were

only found at the upper elevation, beneath the pile jacket.

In those cases where a knife edge was still present the flange

width was slightly more but due to the extreme thinness of the
flange, we have opted to assume a flange width of 12.5 inches
for all readings taken just below the underside of the jacket.
For readings taken at mid-depth and at mudline there was no
lose of steel at the flange edges and the knife edge effect

22
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was much loss pronounced, therefore, a flange width of
14. 5 inches was used.
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APPENDIX I

PIER LIMA
NAVAL STATION, GUANTANAMO BAY, CUBA

PILE CAPACITY DATA & CALCULATIONS



PILE CAPACITY DATA

PIER LIMA
GUANTANAMO BAY, CUBA

A, P
A. Ao K1 Fa P po pOPILE/LOCATION (in!) (%) r (kips) (kis) (kips) (%)

14G UJ 14.44 67.3 134.3 8.23 119.0 240. 49.6
- 8' 16.10 75.0
-16' 17.82 83.0

15F UJ 15.22 70.9 150.0 6.64 101.0 220. 45.9
- 8' 18.37 85.6
-18' 19.22 89.6

15G UJ 16.25 75.7 169.1 5.22 80.5 153. 52.6
-15, 15.42 71.8
-25' 18.26 85.1

16G UJ 16.38 78.3 169.1 5.22 80.5 153. 52.6
-15' 18.02 84.0
-25' 17.90 83.4

37E UJ 17.27 80.5 193.2 4.00 65.8 123. 53.5
-19' 18.54 86.4
-30' 16.46 76.7

37F UJ 16.70 77.8 193.8 3.98 66.5 123. 54.0
-17' 18.69 87.1
-30' 17.00 79.2

37G UJ 15.56 72.5 215.9 3.10* 48.2* 100. 48.2*
-20' 16.52 77.0
-35' 18.73 87.3

40A UJ 16.20 75.5 195.1 3.93 63.7 123. 51.8
-18' 17.80 82.9
-30' 18.53 86.3

40B UJ 15.00 69.9 187.8 4.24 63.6 128. 49.7
-18' 19.21 89.5
-29' 16.40 76.4

40C UJ 14.31 66.6 192.9 4.01 51.0 134. 38.1
-19' 12.72 59.3
-28' 18.14 84.5

40D UJ 16.77 78.1 181.2 4.55 76.3 134. 56.9
-19' 18.07 84.2
-28' 18.86 87.9
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PILE CAPACITY DATA
(page 2)

Al P
A# A K1 F0, P P. P.

PILE/LOCATION (ins) (%) r (ksi) (kips) (kips) (%)

40E UJ 16.54 77.1 195.8 3.90 64.5 123. 52.4
-20' 18.34 85.5
-30' 17.12 79.8

40F UJ 15.71 73.2 201.3 3.70* 58.3* 108. 54.0*
-21' 18.85 87.8
-33' 19.51 90.9

40G UJ 17.74 82.7 201.3 3.70* 61.5* 108. 57.0*
-20' 16.62 77.4
-33' 19.74 92.0

79F UJ 16.60 77.4 198.6 3.79 62.9 118. 53.3
-15' 16.83 78.4
-31' 16.64 77.4

79G UJ 16.08 74.9 210.8 3.40* 54.7* 100. 54.7*
-17' 17.54 81.7
-35' 17.87 83.3

*Due to value of K1 exceeding 200, extrapolation necessary to
r

determine allowable stress.

KEY:

A, - Cross sectional area

A, = Original cross sectional area

F0 = Allowable stress

P = Pile capacity (kips)

P, - Original pile capacity (kips)

K1 = Effective slenderness ratio
r

Note: Factor of Safety = 1.67

Note: Pile is non-compact

A-2
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PILE DATA

PIER LIMA

GUANTANAMO BAY, CUBA

A B C I S r

Pile/Location (in.) (in.) (in.) (in. 4 ) (in.3 ) (in.)

14G UJ .363 .426 12.5 118.0 18.9 2.86

- 8' .371 .424 14.5 188.6 26.0 3.42

-16' .423 .441 14.5 215.0 29.6 3.47

15W UJ .368 .478 12.5 120.0 19.2 2.80

- 8' .445 .434 14.5 226.2 31.2 3.51

-18' .481 .418 14.5 244.5 33.7 3.57

15G UJ .443 .411 12.5 144.3 23.1 2.98

-15' .353 .411 14.5 179.4 24.7 3.41

-25' .449 .416 14.5 228.2 31.5 3.53

16G UJ .447 .413 12.5 145.6 23.3 2.98

-15' .457 .378 14.5 232.2 32.0 3.59

-25' .444 .399 14.5 225.6 31.1 3.55

37E UJ .453 .472 12.5 147.6 23.6 2.92

-19' .443 .452 14.5 225.2 31.1 3.48

-30' .375 .443 14.5 190.6 26.3 3.40

37F UJ .433 .466 12.5 141.0 22.6 2.91

-17' .433 .487 14.5 220.1 30.4 3.43

-30' .399 .431 14.5 202.8 28.0 3.45

37G uJ .400 .441 12.5 130.3 20.8 2.89

-20' .407 .374 14.5 206.8 28.5 3.54

-35' .476 .391 14.5 242.0 33.4 3.59

40A UJ .415 .462 12.5 135.2 21.6 2.89

-18' .454 .368 14.5 230.7 31.8 3.60

-30' .442 .453 14.5 224.7 31.0 3.48

40B UJ .398 .401 12.5 129.6 20.7 2.94

-18' .469 .445 14.5 238.4 32.9 3.52

-29' .371 .448 14.5 188.6 26.0 3.39

40C UJ .345 .451 12.5 112.4 18.0 2.80

-19' .256 .420 14.5 130.1 17.9 3.20

-28' .450 .404 14.5 228.7 31.5 3.55

40D UJ .457 .424 12.5 148.8 23.8 2.98

-19' .437 .428 14.5 222.1 30.6 3.50

-28' .464 .429 14.5 235.8 32.5 3.54

40E UJ .421 .477 12.5 137.1 21.9 2.88

-20' .447 .427 14.5 227.2 3,.3 3.52

-30' .420 .392 14.5 213.5 29.4 3.53

40F UJ .431 .392 12.5 140.4 22.5 2.98

-21' .454 .451 14.5 230.8 31.8 3.50

-33' .465 .478 14.5 236.4 32.6 3.48
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PILE DATA
(page 2)

A B C I S rPile/Location (in.) (in.) (in.) (i-.4) (ij.3) (iX.)

40G UJ .485 .446 12.5 158.0 25.3 2.98
-20' .395 .410 14.5 200.8 27.7 3.47-33' .481 .460 14.5 244.5 33.7 3.52

79F UJ .430 .464 12.5 140.1 22.4 2.90
-15' .390 .438 14.5 198.2 27.3 3.45-31' .411 .375 14.5 208.9 28.8 3.54

79G UJ .433 .417 12.5 141.0 22.6 2.96-17' .422 .421 14.5 214.5 29.6 3.51
-35' .422 .447 14.5 214.5 29.6 3.46

I

KEY:

A = Mean Flange Thickness
B = Mean Web Thickness

C = Flange Width
I = Moment of Inertia
S = Section Modulus

r = Radius of Gyration
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DEAD LOAD CALCULATIONS

Pier - 60' x 648' = 38,880 sq. ft.

P.inforced concrete with aggregate @ 150#/cu. ft.

Long Leaf Yellow Pine @ 44#/cu. ft.

Old Concrete Deck 8" thick = 25,920 cu. ft. = 3,888 kips

New Concrete Deck 8 1/2" thick = 27,540 cu. ft. = 4,131 kips

Concrete Curb 30" x 10" x 525' = 1,093.75 cu. ft. = 164 kips

Concrete Skirt 12" x 24" x 555' = 1,110 cu. ft. = 166.5 kips

Combined Deck = 8,349.5 kips

Pile Caps - composite made up of 6" x 12" and 12" x 12"
plus 6" x 16" and 14" x 16"
18" x 12" = 1.5 sq. ft.
20" x 16" = 2.22 sq. ft.

772 sq. ft.
x 60' = 223.2 cu. ft./bent x 44#/cu. ft. = 9,820.2#/bent
x 80 bents = 785,664# = 785.7 kips

Recap:

8,349.5
+ 785.7
9,135.2 kips 4 81 bents (including #1 (shore))=112.8 kips/bent

7 piles/bent (unweighted re spacing) = 16.11 kips/pile

Spacing between pile rows as follows:

A to B 12.5' D to E 9.5'

B to C 9' E to F 8.5'

C to D 8.5' F to G 8.25'

This spacing arrangement yields the following loading:

LOAD PER ROW LOAD PER PILE IN THE ROW
ROW (kips) (kips)

A 1,256 15.4

B 1,636 20.2

C 1,332 16.4

D 1,370 17.1

E 1,372 17.0

F 1,256 15.6

G 912 11.2

*Assumes combined dead load of 9,136 kips

A-5
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LIVE LOAD CALCULATIONS

P P8  D L
PILE/LOCATION (kips) (kips) (kips) (kips)

14G 119.0 72.3 11.2 61.1

15F 101.0 61.3 15.6 45.7

15G 80.5 48.9 11.2 37.7

16G 80.5 48.9 11.2 37.7

37E 65.8 40.0 17.0 23.0

37F 66.5 40.4 15.6 24.8

37G 48.2 29.3 11.2 18.1

40A 63.7 38.7 15.4 23.3

40B 63.6 38.6 20.2 18.4

40C 51.0 31.0 16.4 14.6

40D 76.3 46.3 17.0 29.3

40E 64.5 39.2 17.0 22.2

40F 58.3 35.4 15.6 19.8
40G 61.5 37.3 11.2 26.1
79F 62.9 38.2 15.6 22.6

79G 54.7 33.2 11.2 22.0

Key:

P = pile capacity (safety factor = 1.67)

P,= pile capacity (safety factor = 2.75)
L = live load capacity (safety factor = 2.75)

D = dead load for that pile, in that bent

Pier - 60' x 648' = 38,880 sq. ft.

Pier area per pile = 38,880 sq. ft = 68.57 sq. ft
81 x 7

Live Load Capacity(L) = Pile Capacity(P or P) - Dead Load(D)

Minimum value for live load = 14.6 kips on Pile 40C

Live Load 14.6 kipspile = 213 p.s.f.
68.57 sq ft/pile
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The recommended live load capacity is 250 pounds per square

foot. This value allows a safety factor of more than 2.5,

without greatly restricting pier operations. In our

judgment and based on the pile capacity calculations,
downrating the pier to 250 p.s.f. is a safe operating load.

A-7
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APPENDIX 11

PIER LIMA
NAVAL STATION, GUANTANAMO BAY, CUBA

PILE INSPECTION DATA
BENTS #2 THRU #50
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

2 A G
B G 0 DC, ER
C G
D G
E 2 G NJ
F G
G G
BP

3 A 2 G 0
B 2 G N
C 2 G 0
D 2 G 0
E 2 G 55 gallon drum
F 2 G
G 2 G 55 gallon drum
BP

4 A
B
C
D
E
P
G
BP

5 A N-4 1H
B 1 N-4 3H
C 0-2 3S
D 0-2 iMS
E 0-2
F 0-2
G 0-2 iS
BP * NJ

6 A N-4 1H
B 1 N-4 1H GC
C 0-2 2S
D 0-2 2S
E 2 0-2
F 2 0-2 iS
G 2 0-2 3S
BP

7 A N A, PP
B 0 4S, lh ISS A
C Sq
D 2MS DC, ER, BS
E 2 0 -

F 2 0 -

G
BP

*Appears to have buckled and failed.
**Cut off one foot above waterline.

***Note--electrical vault located between 7C and 7D.
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

8 A 2 N 2S A*
B 2 0 3S A
C 2 Sq
D 2 iMS
E 2 2S
F 2 3S
G 2 2S
BP **

9 A 2 N 1H
B 2 N 2S V
C 2 0 2S
D 2 0 - DC
E 2 0 2S
F 2 0 3S
G 2 0 3S
BP **

10 A 2 N 2S
B 2 N is A, DC
C 2 0 1H DC
D 2 0 IS, 1H
E 2 0 4S
F
G
BP

11 A 1 N is
B 2 N is GC
C 0-1 iSS A
D 2 0 is
E 2 0 2S
F 2 0 -

G 2 0
BP **

12 A 1 1H
B 1 50 iS PC
C 3S
D 2 0 5S
E 2 3S
F V
G GC
BP

13 A 2 3S
B
C 2 is
D 3S HC
E 2 0 GC
F 2 0 iS
G 2 0 iSS
BP

*Note--between Bent #6 and #8 there are 4 plumb piles and
4 batter piles, old-type repairs, on westside of pier.

**Batter pile cut off one foot above waterline.

A-9
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

14 A 2 3S iSS ER
B 2 4H
C 2 0 is DC, HC
D 2 0 3S PC
E 2 0 -

F 2 0 - A
G 2 0 -

BP

15 A 2 N 1H PP
B 3S RS
C 2 iS RS, A, HC
D iS DC
E 2 2S
F 2
G 2
BP

16 A R 3S DC
B 2 3S
C 2 1H
D 3S
E 2
F 2 2S
G
BP

17 A 2 G N-3 3S ER
B 2 G N-3 H, S DC
C 2 G 0-2 is
D 2 G 0-2 iS
E 2 G 0-2 -

F 1 G 0-2 4S PC
G 2 G 0-2 4S DC
BP N-4.5 iMS 1 1/2" cover

18 A 2 G N-3 2S DC, Pdet.
B 2 G N-3.5 2S
C 2 G 0-2
D 2 G 0-2 3S
E 2 G 0-2.5 3S
F 1 G 0-2 2S PC
G 2 G S-4
BP

19 A 2 G N 3S ER
B 2 G N-3 1H RS
C 2 G 0-2 4S iMS
D 2 G 0-2.5 4S
E 2 G 0-2.5 3S
F 1 85 0-2 3S PC
G None G N-4.5 iS
BP 2S 1" cover
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

20 A None G N-3.5 DC
B 2 G N-3.5 DC
C 2 G 0-2
D 2 G 0-2 3S RS
E 2 G 0-2.5 3S RS
F R 85 0-2 2S
G None 90 N-4.5 3S
BP 2MS 3/4" cover

21 A 2 G N-3 iS ER
B 2 G 0-2 4S PC
C 2 G 0-2 1H
D 2 G 0-2 4S DC
E 1 G 0-2 3S BS
F N 0-2 3S BS
G 2 N-4 IH BS
BP No cover, fallen

22 A 2 G N-3 3S DC
B 2 G 0-2 iH iMS RS
C 2 G 0-2 4S DC
D 2 G 0-2.5 iS 2MC
E 2 G 0-2.5 4S BS, PC
F 2 G 0-2 3S iMS BS
G 2 95 N-4.5 2S 2MC DC
BP 1" cover

23 A 2 G N-3 iS PP
B 2 G 0-2 5S MC, BS
C 2 G 0-2 2S BS
D 2 0-2 4S BS
E 2 G 0-2 iMS BS
F 1 30 0-2 4S DC
G 1 75 N-4
BP 4MC 1" cover, PP

24 A 2 G N-4 3MC BS, ER, RS
B 2 G 0-2 3MC BS, DC
C 2 G 0-2 3S RS, BS
D 2 G 0-2 4S BS, PC
E 2 G 0-2 4S BS
F R 70 0-2 3MC BS
G 1 80 N-4 PP
BP 1MC 1/2" cover

25 A 2 80 S-3
B 2 G 0-2 3S BS
C 2 G 0-2 4S BS
D 2 G 0-2.5 4MC BS
E 2 G 0-2.5 iS IMC
F None G 0-2 3MC PD, BS
G None G 0-4 PP, BS, DC
BP N 1" cover

A-Il



BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

26 A 2 G U-3 2S, lh DC, BS
B 2 G N-3 1H ER, Rs
C 2 G 0-2 3S, 1H BS
D 2 G 0-2 5S IMS
E 2 G 0-3 3S BS
F S G 0-2.5 4MC RS, BS
G R G N-4 1H PP, DC
BP

27 A 2 G N-3 4S GC
B 2 G N-3.5 IH RS, HC
C 2 G 0-2.5 3S IMS RS
D 2 G 0-2 4MC RS, BS
E 2 G U-4 iS GC
F None G 0-2 iMS PD, twisted, RS, ER, BS
G None 40 N-4 iH, iS PP
BP

28 A 2 G S-3
B 2 G S-2
C 2 G 0-2 is
D 2 G 0-2 36 2MS PC, HC
E 2 G o-2 46
F R 80 0-2 iMS 2" cover, BS
G None 90 N-4 28 PP, PC
BP V, DC

29 A 2 G M-4 3S V, RS
B 1 G 0-2 5MC
C 2 G 0-2 2S ER
D 2 G 0-2.5 3S, 1H ER
E 2 G 0-2 4S, lh
F R G 0-2 3S
G None 3S iMS No cover
BP

30 A 1 60 N-4 iS GC
B 1 G 0-2 4S
C 2 G 0-2.5 2S, 2H BS
D 2 G 0-2 2S iMs ER
E 2 G 0-2 3S, IH ER
F S 70 0-2 3S BS
G 1 90 S-4 MC
BP 1 1/2" cover

31 A 1 G N-2 3S, lh
B 1 80 S-3
C 2 G 0-2 is
D 2 G 0-2 46, lh IS, HC
E 2 G 0-2 4S ER, BS
F 1 70 0-2 4S
G 1 G N-4.2 1H
BP V (large), bad splice
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

32 A None G N-4 5S, 2H PC
B None 80 N-2 2S DC, HC, RS
C 2 G 0-2 2S
D 2 G N-3 2S
E 1 G 0-2 4S ER, DC
F 1 80 0-2 3S RS, DC
G 1 60 N-4 iS, 1H DC, PP
BP PP, MC

33 A 2 G N-3.5 2S H, A, PP, RS
B 1 G 0-2 3S BS
C 2 G 0-2 4S DC
D 2 G 0-2 3S RS, PC
E 2 G 0-2 4S iMS BS
F None 50 0-2 4S iMS
G 2 G N-4
BP iMS 1" cover

34 A 2 G N-4 2S A, HC
B S 50 S-2 4S DC
C 2 G s-2 3S
D 2 G S-2 4S, IH RS, DC
E 2 80 S-2 4MC,IMS close to F row
F R 80 S-2 4S HC
G 2 60 N-4 1H H

35 A 2 G N-3 5S, lh DC, PP
B S 90 0-2 is MC
C 2 G 0-2 3S, lh DC
D 2 G Sq-3 1H
E 2 G 0-2 4S HC
F None 50 0-2 3S ER
G R G N-4.5 lH DC
BP 1" cover

36 A None G N-2 3S
B 1 60 0-2 2S BS
C 2 G 0-2 iS, 1H BS
D 2 G 0-2 4S PC
E 2 G N-3.5 2S RS
F None 50 0-2 4S A, H, PC
G None G S-4 MC
BP is, 5H MC, ER

37 A 2 G N-3.5 3S, lb PP
B 1 60 0-2 2S iMS
C 2 G 0-2 3S BS
D 2 G 0-2 2MS HC
E 2 G 0-2 3S BS
F None 30 0-2 3S IMS
G 1 G N-4 4H PP
B? 4S Bad splice (bent)
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

38 A 2 G N-5 IH
B 2 40 0-2 4S PC
C 2 G 0-2 3S DC
D 2 G 0-2 4S HC
E 2 G 0-2 4S BS
F R G 0-2 2S iMS
G None 50 N-3 GC, MC
BP

39 A S G N-4 GC
B None G 0-2 4S iMs RS
C 2 G N-6 1H
D 2 G 0-2 4MC BS
E 2 G 0-2 2MS PD, 30% jacket off, HC
F None G 0-2 4MC aS
G 1 N N-4 1/2" cover, PP
BP 4S 1/2" cover, PP

40 A R 90 N-4 PP
B 2 G o-2.5 2S 2MC
C 2 G o-2 3S
D 2 G 0-2 4S ER
E 2 G 0-2 4S aS
F None 40 0-2 4S ER, aS
G None 25 S-3.5
BP 3S 1 1/2" cover, PP

41 A R G N-4 1H, lh GC
B 1 G 0-2 2S DC
C 2 G 0-2 3S DC
D 2 G 0-2 5S 118 RS, HC
E 2 G N-3.5 2S PP
F 2 90 N-4 ER
G 1 50 N-3.5 3S
BP 3S 1/2" cover

42 A S G S-4.5 Pdet, BS
B 2 G 0-2 4MC BS
C 2 G N-3.5 PP
D 2 G 0-2 4S RS,DC
E 2 G 0-2 4S BS, HC
F None G N-4 1H PP
G None 10 S-4 Pdet
BP

43 A R G N-4 4S Pp
B R G 0-2 4S iS
C 2 G 0-2 3S HC, DC
D 2 G 0-2 4MC HC
E 2 G N-3.5 5S 115 HC
F None 50 N-4 iS, 2h
G 1 65 M-4 PP
BP 5SP 3/4" cover, DC
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

44 A R G N-4 3S Pdet, ER, DC
B R G N-4.5 RS, PP
C 2 G 0-2 4S
D 2 G 0-2 4S DC, HC
E 2 G 0-2 4S IMC HC, DC, BS
F R G N-4 2S, lb ER, 1" cover
G None N S-4
BP 2S MC

45 A R G N-5 is PP
B None G N-5 GC
C 2 G 0-2 4S DC
D 2 G 0-2 4S IMC HC
E 2 G 0-2 4S iMS HC
F 2 90 N-3.5 3S ER, MC
G 2 80 N-4 iS ER
BP 2S 3/8" over, flange exposed

46 A S G N-6 lH PP
B None 0-2 4S 2MS DC
C 2 G 0-2 4S, lh
D 2 G 0-2 4S, lh HC
E 2 G N-4 3S, lh 1" cover
F R 75 0-2 4S 2MS Pdet, HC
G 1 85 S-3.5 70% jacket gone
BP

47 A S G N-S Pdet, GC
B G 0-2 4S
C G 0-2 2S
D G 0-2 IMS,4MC HC
E G 0-2 3S 2MS
F None G 0-2 4S IMS,IMC
G None 35 N-4.5 3S DC
BP 4S, lh MCPP

48 A None G N-5 GC
B G 0-2 3S iMS RS
C G 0-2 4S, lh
D G 0-2 4S DC, RS, HC
E G 0-2 4S DC
F R G 0-2 4S DC
G S G S-3.5 Fallen, no cover
BP 2S No cover, fallen, PP

49 A S 20 N-5 2S DC
B None G N-4 3S
C G S-4.5
D G 0-2 4S P!C, HC
E G 0-2 4S DC
F R G 0-2 4S RS, HC
G None N N-4 3S Pdet
BP 3S 3/4" cover, PP
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BEARING
PILE # BOLTS AREA JACKET CRACKS SPALLS COMMENTS

50 A 2 G S-4
B 1 G 0-2 4S DC
C 2 G 0-2 45 DC
D 2 G 0-2 55 RS, HC
E 2 G 0-2.5 4S, lh HC, DC
F None G 0-2 4S, lh HC, DC
G S N S-4
BP
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G.OSSARY OF SYMBOLS

FOR
BENTS #2 THRU #50

Fasteners
2 ................... 2 bolts
1 ................... 1 bolt
S ................... Spike
R .................. Bebar

.................... Not applicable

Bearing
G ................... 100%
N ................... None
20 .................. 20%

Jacket
S ................... Sonotube
O ................... Old style
N ................... Long new style
Sq .................. Square (24")
-2 .................. 2' height above waterline

Cracks
1S ................ 1 spall crack
1H .................. 1 hairline crack
lh .................. 1 horizontal crack

1 MC ................ 1 major spalling crack
1 MS ................ 1 major spall
1 SS ................ 1 small spall

Comments
GC .................. Good concrete
PC .................. Poor concrete
ER ................. Rebar eqxposed
G ................... Jacket in good condition
DC .................. Deteriorated concrete
HC .................. Heavy corrosion just above jacket
A ................... Pile is angled 50 or more
PP .................. Powdery/porous concrete
RS .................. Rust stains in concrete jacket
PD .................. Pile previously displaced
P Det ............... Pile cap deteriorating
BS .................. Bottom of jacket spalling

.C .................. Minimal coverage of concrete
H ................... Hole in pile

................... .t jacketed
V ................... Voids in concrete
1" cover ............ 1" coverage of concrete over steel
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APPENDIX III

PIER LIMANAVAL STATION, GUANTANAMO BAY, CUBA

PILE INSPECTION DATA
BENTS #51 THRU #81



PILE 1a. DB JT M DAB PICC Bc ______

56 A N S 2 A N N
B N R N N N N
C N R N N N N
D N 0 2 A N N Jacket cracked along flange
E N R N N N N
F N R N N 80 P 100 twist
G N R N N N N Heavy pitting below jacketbet flanc

GB N

57 A N R N A N P
B N R N N N N 100 twist
C A R N N N N
D N 0 N A N N Jacket cracked along flange
E A 0 N A N N Jacket cracked along flange
F A 0 N A 50 P Jacket cracked along flange
G N R N N N N

AB N R N N N N

58 A N S 1 N N P 100 twist
B N R N N N N
C N R N A N N Pitting below jacket
D A' 0 N A N N Bad delamination above jacket, JC
E N R N A N N
F A R 1 A 75 P flange exposed below surface
G N R Z1 A N N 200 twist

GB N R N A N N Pitted below jacket

59 A N R N N N P
B N R N N N N
C N R N N N N
D A 0 2 A N N Jacket cracked along flange
B N 0 Al A N N Bad jacket deterioration
F A R N A 50 P 20 twist
G N R 2 A N N

AB N R 2 N N N

60 A A S <1 N N N
B A R N N N N
C A 0 N A N N Bad jacket deterioration
D N R N N N N
E A 0 N A N N 1" flange hole below jacket, JC
F N R N A N P
G A R 1 N N N Bad pitting on web below jacket

GB N R 2 N N N
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PILE NOX. DBJ JT MMC DAB PPKC BC Cf4EMI

61 A A S 2 N N N
B N S 1 N N N
C A R 1 N N N
D A R 2 N N N TWO 3" jacket holes exposing flange
E N R N A N N Pitting below jacket
F N R N A 50 P
G N R N A N N

AB N R 2 N N N

62 A N S I N N N 100 twist
B A R 1 N N N
C A R N N N N Failed flange above jacket
D A R N N N N 1-1/2" notch in flange
E A R N A N N
F N R N A 90 N 100 twist
G N S 1 A 50 P

A R 2 A N N Pitted webbing below jacket

63 A A S 1 N N N
B N S 2 N 80 N Old adjacent pile replaced
C A S --I N N N
D N S 1 N N N
B N S 1 N 80 N Pile not vertical
F A S 2 N 50 U
G A S N A 10 P Jacket pouring incorplete, PL

AB N R i N N N Jacket cracked along flange

64 A N S 1 N N N
B N S N N 80 N Old adjacent pile replaced
C N S 2 N 70 N Old adjacent pile replaced
D N S 2 N N N
E A S N N N P
F N S 1 A 40 N
G A S 2 A N N

GB N R 1 N N N

65 A N S e_1 N N N 100 twist
B N S N N N N Old adjacent pile replaced
C A S N N N N
D N S 2 N N N
E A S 2 N N N 100 twist
P N S N A 50 U
G A R N A N N 4" necking below jacket

AS A R 2 A N N
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PUB NO. DB JT MM DB ppC C MEWS

66 A N S 1i N N N 200 twist
B N S N N N N 2" hole in flange
C N S N N N
D N S N N N
E N S N N N
F N S 2 A 30 U 100 twist
G N S 2 A N N Hour glass below jacket
GB N R <1 N N N Spliced 3/4" bolts thru 1" hole

67 A N S 'i A. N N
B A S N N N N 10° tist, bad pitting
C A S 1 N N N 50 twist
D
E A S N N N N
F N S 1 N N N
G A S N A N N

AB N R N N N N

68 A N S A N N Jacket cack at flange, 100 TwistB N S N N 90 N i00 twist
C N S N N N
D N S A N N
E N S N N N
F N S A N N
G N S 2 A N N

N R 2 N N N

69 A N S 2 N N P 10° twist
B N S 2 N 80 N 20 twist
C A S N N N 150 wist
D N S N N N
E A S N N N
F N S A N N 150 twist
G A S 1 N N N
AB N R N N N N

70 A N S 2 N N N Tilted pile with 25% cap contact
B N S 1 N N N
C N S N N N
D N S N N N
E N S A N N aggregate visible on jacket
F N S N 75 N 15 twist
G N S N N N

GO N R 2 N N N
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P=LE NO. DDJ JT MC DAB PPCC Ce4rS

51 A N R N A 80 P
B N S N N 10 U Broken brace
C A 0 A N N One side jacket missing
D N 0 A N N Two sides missing, flange bent
E N S Z-1 N N N I0 twist
F A 0 N A 40 U JC, HP, W
G

AB A R I A N N

52 A N R N N 90 P 200 twist
B N S 2 N N N
C A A N U No jacket
D N A 80 U No jacket
E N S et1 A N P
F N R 2 N 80 N 100 twist
G N
GB N Pitted below jacket

53 A N R N N N P
B A R N N 90 N Cap pile partially broken, HP
C N S N N N N
D N 0 N A N N Jacket cracked along flange
E N 0 N A N N Jacket cracked along flange
F N R N N N N
G N

AB N R N N N N Jacket cracked along flange

54 A N S R N 50 P Cap pile deterioration
B N 0 N N N N Jacket cracked along flange
C A 0 N A N N Jacket cracked along flange
D N R N N N N
E N 0 N A N N Jacket cracked along flange
F N 0 N A 90 N Jacket cracked along flange, T-10-
G N Heavy pitting below jacket
B N

55 A N R N A 60 P Cap pile deteriorated, T-100
B N R N N N N
C N R N N N N
D N 0 2 A N N Jacket cracked along flange
E N 0 <1 A N N Bad jacket deterioration
F A R N N 60 U
G N

AR N R 1 N N N
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PILE NO. DR JT MFC DAB PPCr BC CCMENS

71 A N S N N N N 100 twist
B N S N N N N
C N S N N P
D N S N N N
E A S N N N
F N S N 50 P
G N S 1 N N P Aggregate visible

AB N R N N N N

72 A N S 1 N N N Pitted below-jacket
B N S N N N N
C N S N N N
D N S N N N
E N S N N N
F N S A 50 P
G N S 1 A so P

AB N R 2 N N N 200 twist
GB N R 0 A N N

73 A N S 1 A 20 N 200 twist
B A S N N N N
C N S N 75 N
D N S N N N
E N S N N N
F N S N N N
G N S A 50 P

74 A N S 2 N 90 N 100 twist, adjacent pile replaced
B N S I N N N
C
D N S N N N
E N S N 75 P
F N S N i0 P
G N S 41 N N N
AB R 41 A N N
G N R 2 N N N

75 A A S 2 N N N
B N S 2 N N N 200 twist
C N S N N N
D N S N N N
E A S N N N
F N S N N P
G A S N 40 P Hour glass below jacket
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PILE N[. DBJ JT WFC DAB PPO2 BC CME_

76 A N S N N N N
B A S 2 N 90 N 10° twist
C N S N N N
D A S N N N
E N S N N N
F N S N 10 U
G N S 1 N 50 P

AB R N N N N
B N R 1 N N N

77 A N S <1 N 0 P End cap pile deteriorated
B N S N N N N
C A S N N N Hole in flange 3' below jacket
D N S N N N
E A S N 0 U locee pile
F N S 41 N 50 P
G N S N N N 100 twist

78 A N S 1 N N N
B N S 1 N N N
C N S N N N
D N S N N N
E A S N N N
F A S N 80 N
G N R 0 N N N

AB R 2 N N N
N R 1 N N N

79 A N A N N No jacket, adjacent pile replaced
B A S 1 N N N
C A S N 80 N
D N S N 50 P
E N S N 80 N
F A S N N N
G N S N N N

AB R 2 N N N
GB N R 1 N N N

80 A N N N N No jacket
B N S 2 N N N
C
D
E A S N N N
F A S N N N
G N S A N N

AB R 2 N N N
N R 1 N N N
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81 A A A 90 p no jdet
3 N s N N N

c A S N 75
0 N S v N I

z v S N N N HoU in vabiig 34 belm jadrat

G A S N N p
Al N R 2 N N N

GB A R 2 N N N HOUinwebait. ca
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GLOSSARY OF SYMBOLS
FOR

BETS #51 THRU #81

BJD ........... Below jacket deterioration
A ............. Accelerated
N ............. Normal

JT ............ Jacket type
S ............. Sorntube
R ............. Regular
0 ............. Old style

MFC ........... Minimm flange coverage
N ........... Normal
2 ............. 2"
1 ............. l"

.B ........... Deterioration above jacket
A ............. Accelerated
N ............. Normal

PPCC .......... Percentage pile cap coverage
N ........... Normal

BC ............ Bolt Connection
P ............. Partial
N ........... Normal
U ............. unattached

N. ............ No jacket
T-100 . . . . . . . . .Twist in pile 100
HP ............ Heavy pitting below jacket

.c ............ Jacket cracked along flange
PL ............ Partial loss of jacket
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APPENDIX IV

PIER LIMA
NAVAL STATION, GUANTANAMO BAY, CUBA

ULTRASONIC THICKNESS DATA

t'



U.S. NAVAL BASE CMW4WM BAY, CUBA, PIER LIM

DM: 7/31/79 BEN 14 - j P-= MR PILE # G

CaDITICN CF CAP:

C ITICN OF JA=T:

ULTRkASIC ING: A. 0.402 C. 0.425 E. 0.418 G. 0.365
.430 .425 .418 30

ELLV: 6" U xer Jacet 7 424 417 .307
.459 .425 .418 .291
.457 .425 .418 .297

C -Larg .417 .425 .421 .268
Pits .450 .426 .416 .306

A E - Large pits .425 .415
D C .180, .150 Av. 0.439 Av. 0.426 Av. 0.418

F4,deep B. 0_-;If D. n-497 F. Q-441
C7 F -Largepits .317 .450 .450

.dew .317 .459 .324
.130 deep .326 .439 .326

G -Largepits .317 .424 .324
.316 .424 .418

7 . .436
.321 .429 .397

ELEV: -8' Pneumo A. 0.392 B. 0.383 C. 0.436 D. 0.402
.370 .389 .436 .402

A B - Many - .388 .387 .49- ----
g shallow pits .7 .383 .435 W

.7u .458 .409

.402 .312 .473 .405
.30.314 .440 .408

.3m- .439 .Ub

ELEV: -16' Pneumo 0. - -4I3 . 0-41 -P. 0-480 . 0.465

-432 .410 .481 .457

.side -.43o _ .416 .378 .458
-sm 432 41 .78 .458

pitting 41 4
.433 .2

AV. u.tgaL AvA V. .423 AvY .49

UCIi&S, CALBRX7=: .488

GENEML PIER CMtTTM: Note: Supposeely 12" HP-53
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Wmam, INC.

U.S. NAVAL BASE GANMWV BAY, CUBA, PIER L.

CONDMICN CF CAP:

C i CN OF JAKE:

ULTRSQNIC MDG: A. 0. 1 96 C. 0.495 E. 0.488 G. 0.440
.189 .496 .474

ELEV: 8" Under Jacket .223 .495 .479
.221 .461 767
.213 .461 .4.4

A - All large .204 .462 .449 .412
Pits .18-9 .71 .455 •

C A 307 .397
Also large Av. 0. 218 Av.0.77 -
pits bbtenB. 0.444 D. 0.494 F. 0.432
D & E .446 .492 .433

G - .onsider- 442 .494 .407G.443 .481 .4

able pitting 443 .497 .472

.434 .498 .403
• 436 .497 .42u-

EZV:-8' (-azeimo) A. 0.450 B. 0.502 C. 0.470 D. 0.418
._452 .504 .47 . .....

4calibration 45 .44 .74 -1
.488 463.475

5 .489 .459 .412 .41H .421

.469 .4.41/ .4.Z

.413 .418 .11b --"17

453 .4.L/
PV [}45 AV U.- AV. U,44Y XV. U.47U

ELEV:) A. 0.481 B. 0.481 C. 0.411 D. 0.426
.487 •.489.48.2

A .4 38 .4 1.41 0.4 -
; •490 .489 .411•,;

,--.481 .490 .414 .Z-
I ~.4=2.z

Pit gauage showed pits at elev. une Jacket as follows: @ A 0.320 between D & E 0.240

GeoLpIR C rl: Note: Supsdy 12" HP-53
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WImLL, nc.

U.S. NAVAL BASE GMNnAUM BAY, CIBA, PIER LIM

D: 7/31 BEI1I# 15 E l p--F BA=M pUZ # G

CONDITICW Cr CAP:

CCNMTICN OF J ET:

UL7-VACIC I IG: A. 0.457 C. 0.475 E. 0.415 G. 0.449

,436 .443 .416
ELEV: 6" UnMder Jacket .435 .441 .415 .

.438 .425 .415 .469
A - Large pits .435 .433 U91 .4.'/

pit ga'g .435 .415 .452

.310 .453

A .295 .45Z

Av. 0.440 AV. 0.V-4" .u.
G - Large pit%. 0.457 D. 0.378 F. 0.437

S1 1/2- .456 .,/ .Or-

7dimtr.465 -- ./j .418

Pit Gauage .465 .368 .3=
.330 .432 .369 .41J

.457 .37 .439

.452 .7 .47 7-

.456

ELEV:-15'_pneumD A. 0.357 B. 0.326 C. 0.425 D. 0.395

.357 .40 .25

.355 -- .3 _ .425 .395

.412 .355
its .358 .356.45.9

.357 .357 .426 .395

.369 .35 - 27 - 96

v. u.Jo0 AV. U. Z %IsU-

-25, ,9Iumo A. 0.442 B. 0.442 C. 0.425 D. 0.408
.441 .459 .425 .44

A.448 448 .444 .323 .402

A.450 .7.932 .45

160 .437 .426 .405

.457 .43 .2 _

.457 .438 .JU .4UD

Av U4l usQ.Z AV. UASU

C1RE, CAMMs._____

GENEMPME TONM:

Note: Supposedly 12" HP-53
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U.S. NAVAL BASE GMNA1M BAY, aBA, PIER LIM

DAT: 7/31/79 BET 16 PLUMB = BAT= PLE # G

CONDTIN O CAP:

CONITIN OF JACEET:

ULTPASCNIC RADE: A. 0.457 C. 0.433 E. 0.415 G. 0.430

.480 .458 .417 .-T3
ELEV: 6" Under Jacket .462 .415.4

.429 .433 .417 .431
C - Pits .437 .457 .421 M1
.20 0 deep .457 .450 .407 .4m1

.402 .472.474

G cI ~~ .410 .401 41
-Hcheck .450 Av. 0.445 Av. 0.446 AV AV. U432

B. O.5j2 D. 0,376 F. 0.427

.482 .375 .426

.483 .376 . Z33

.484 .375 .428

.488 378 7175

.489 .380 .4N_

.459 .3_8_

, AYu4f A 0 AV. 0.428

EZV: -15' A. n4A2  B. n.459 C. 0.386 D. 0.370

44RI -465 .385 .370

4g4 .460 .383 .371
See _457 .465 .386 .370
Below -455 .463 .386 .373

_452 .488 .392 .380
.462 .378 .370

mlll* AV.t U,83 r (!9
ELEV: -25' A. n-444 B. 0.432 C. 0.443 D. 0.354

_4W &_ .430 .. 444 .360

. 4A ....-4 .444 .363
S .437 .454 .356.457 .432 .433 .5-

.449 .449 .446 .354

3 .450
An aAV. AN .. .

O , C A Internal test - 0.200 Test block 0.490

At 1" from edge of flange near "A" .412, .416, .418, .417, .415

GE L PIER CM TIM:

Note: Suoseldy 12" HP-53
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WISL, INC.

U.S. NAVAL BASE GCANAW BAY, CBA, PIER LIM

U: 8/2/79 BET 37 PUM BATTER PILE # E

OEMVITICN CF CAP:

CDITICN OF JACKET:

ULTRASCNIC RDING: A. 0.436 C. 0.467 E. 0.466 G. 0.410
.436 .468 .465 .41U

ELEV: Under Jacket .439 .465 .464 .412
.436 .463 .462 .410
.437 .462 .4Z34
.435 .468 .43.
.434 .463 TR

FA.430 .46 .46________=

Av. 0.435 Av. 0.465 Av. 0.464 AV. 0.412
B. 0.485 D. 0.488 F. 0.480

2ot of .485 .487 .480

small pits .484 .485 .481
.482 .488 .481
.482 .488 .478
.481 .488 .486

.43.489 .487-

S.481 .4r-
AY-UZ7T AV. .7 X. .42

ELEV: -19 A. 0.481 B. 0.409 C. 0.487 D. 0.423

.481 .408 .486

A ast Flange .481 .407 .4'79~
Alot of .480 .409 .479S Large Pits .779- .410 .482 42

.479-- .411.481

.477- .407.4U.Z

.779 .406.4 .z
E= = n mr , n Aa A. .UA, 42

ELEV: -301 A. 0.368 B. 0.387 C. 0.459 D. 0.429
.365 .386 W49 .427

.368 .384 .4594

S.3659- .383 .458 MA2

.365 .387 .460 .430
-194 .388 .460

.455 427MA ff_ nX v. 9= 0 AY V. 0.4
CMMM, CALMRATIMM:

GENEML PIER CMDTION:
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WILSWE, INC.

U.S. NAVAL BASE G(NNAM BAY, aA, PTER LIM

D : 8/2/79 BE # 37 ED U El BATM PILE# F

CM=lICIN OF CAP:

C4 C CTIQK F :

ULTRASCNIC IADIN: A. 0.463 C. 0.480 E. 0.453 G. 0.402
. = Ui _bb

ELEV: Under Jacket .461 .482 .454
.464 .484 .453
.464 .483 .450
.465 .481 .451
.465 .480 .452

A.Vx e .465 .48 .450___
Av.0.46 Av.0.8 Av. 0.452 AV. .

B. 0.433 D. 0.471 F. 0.451
F.ve .433 .470 .449

C7 Pits .432 .465 .4T5
Base of Pits .56.
.200 - .250 - -.4 .466 .442

.M31 .456 .447-

.430 .464 7w4

.429 .462 .441r

_V: -17 _ A. 0.433 B. 0.441 C. 0.488 D. 0.489

.433 .439 .488 .489
A. .429 .439 .487 .488

.428 .439 .486 .498
C .42 .437 .486 .488

Pit7 Pit_.427 .435 .485 .487
.290 Center .426 .432 .483 .488o f P i t .4 2i ~ A V V ! O .- .4 8 9

ELEV: -30 'A. 0.412 B. 0.388 C. 0.433 D. " 0.433
.412 .386 .429 .43

1 A .4 1 3 .3 8 7 .4 2 8 .44
.415.385.429.431

IC .41 .386 .4.30-.3

.E. Con r sm. aumr .41 .385 .430 .433
mt Cm1av Bent Convex . .41 .386 .435
* Deflecti n Deflection .11 .388 .428

COMM, CALLIBRAT_ _ _ _ _ _

GNAL PIER aDDITI:ON:
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WI L. INC.

U.S. NAVAL BASE GQWThW BAY, CUBA, PIER LIM

DAM1: 8/1/79 EvR 37 WJ PLMB ED BATTER PILE # G

CORDITION OP CAP:

- -DITIC!I OF JACKET: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

X q.qTfSIC FOUDMG: A. 0.375 C. 0.434 E. 0.417 G. 0.417
.377 .436 = .41b

EV: Under Jacket .378 .435 .41 .
.378 .473 .415

A - Alot of .377 .472 .4
SimIl Pits .375 .4 .415

.376 .474 .414 41

Av. .3t77 A 0.459 AV. U.4. Iv. .L 5
B. 0.434 D. 0.455 F. 0.378

.435 .452

.435 .451.436 .449 .381

.43 .448 .378

.432 .451 .379

.431 .452 .381

.429 .449 .379
A77=477 0! 45 u. 71t-

ELEV:-20' A. 0.457 B. 0.357 C. 0.371 D. 0.3700.488 460 .359 .37r-B - shallow .4 .356 .373
A Pit .49 35 37 .7

2"3Q2"hole .460 .355- .377 .j-v
i45T- .356 .3 .T
11 abov ----S 20 ' Depth .4T6= .3 6. 70.

Flange S.E. .462 .353 .375 .374

AV. .4 q AT- U.4;A AV. Qai V Ui

EMV: -35' A. o.477 B. 0.473 C. 0.396 D. 0.382
.478 .473 . .32

A.478 .472 .395 38

D -DShallo w  .471 .47 73

Pits .478 .479 .403.47.473 .401 . b

C - Shallow .47 .481 - .
.470 .398 .331

9=:E= AV- 11! _ AV. u-199 AV. m.
03MM~, CA LI B A :_ __ __

GNEAL PIER CDITIN:
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WI L, INC.

U.S. NAVAL BA GUPNAR. BAY, CBA, PIER LIN

DM: 8/1/79 BENT 40 '-i p r--BAT R PIL A

CCNWTICN CF CAP:

CC0EICN OF JA E:

UE3SMTIC READING: A. 0.430 C. 0.443 E. 0.481 G. 0.467
.431 .442 .48V:Under Jacket .432 .441 .480 46

Area .431 .442 .4814

where jack e .442 .480
was removed_ .442 .482
thickness in .435 .445

A Pits .30-.34 .437 446 .481
S Around Pits Av. 0.433 Av. 0.443 Av. 0.48.

.42-.47 B. 0.389 D. 0.464 F. 0.378
a. .

.387 .462 .372

.388 .461 .376

.387 .463 .377

.389 .464 .375

.386 .464

.384 .461 .35xu-nWr AV.- T -. O.4M-

EXEV: -18, A. o.473 B.__43J C. 0.375 D. 0.363

-47 .432.. .374 .362
A ladings .47 .438...Ai. .372 .361

A in a pit .471 .437 .374
.471 .437 .372
.474 .436 .373 .365
.475 .439 372M

M~d±=AV.U!AV. u!-,,

EEV: -30' A. 0.449 B. 0.431 C. 0.458 D. 0.448
.450 .432 . .44

A .451 .432
;.40.435 .461 .446

-.4.437 . 447

.452 .431 .462' ,4 A34 .46U- s
AR 4AB MV W. V .449

G AL PMR CONL'TION_
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WIWL, lIE.

U.S. NAVAL BASE GAWNM1W BAY, CUA, PIER LIM

MME: 8/1/79 B E 40 - PU3 -M BAT= PU B

CONDTIZ CF CAP:

CMflIM OF JACKET:

ULTRASOIC EADIM: A. 0.422 C. 0.380 E. 0.420 G. 0.418
.418 .38o .419 ADS41

ELNV: Under Jacket .420 .4V ----. 41
.4Z r= Ju .416 .41ff
.42= ,3J. .4z

.422 .384 .418 .420.424 .417

'4A lot of AV, 0. 4= Av-- 0.x A.0. v-. .1
S Small t B. 0.320 D. 0.402 F. 0.429

:I1 2"x2" hole .32= .403 .423
Bageof .317 .404 .431
Flange .322 .404 .431

.321 .405 .432

.322 .405 .433

.323 .403 .431
. .4Q .o*431

AV.u4 Av.4- v .
&EV: -18' A. 0.457 B. 0.480 C. 0.450 D. 0.441

.456 .481 .451-
A.M57 .484 .449 .441.457 ".43 .449 w

.457 .451 .439~~.456 .4--79-- .5 .44U

H H .47 .479 .451 .454
. = .4U7 .449 .5F

ELEV: -29' A. 0.362 B. 0.382 C. 0.442 D. 0.457
•.362 .382 -. 441 --. 45T

A.361 .381 .442 45
A -7g- .38 .44 .455

Af-6 .381 " .442 .453.32.381 .4414 .452
.39.380 .443 .452

.356 .382" .443 .
Av. . h AV u.u av. u. 44 AV. 0.454

Cae, CALThMB____
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wIsL, INC.

U.S. NAVAL BASE GUANEWR4) BAY, CUBA, PIER LIM.

DRI: 8/179 BM1' 40 E PLU [J BM-ER PILE # C

CONDITICN C CAP:

COTI OF ACKET:

MT CSIC RMDING: A. 0.399 C. 0.467 E. 0.473 G. 0.404
.399.46 .415 .AUJ

ELEV: Under Jacket .395 .41.44 44
.398 .460 .478 .405
.398 .459 .475 .407

B - Pit .396 .459 .474 -4M
Behind .397 .460 .476.

A Area .398 .462 .48

E -Hole Av. 0.398 A. 0.47
. si 0.166 D. 0.425 F. 0.411

.166 .425 .411
Flange .167 .418 .4=

.169 .402 .410

Mr66 .422 .1
AV. MISS Rv. 0. i 41vA. u. 4!

_V: -19 ' A. 0.343 B. 0.161 C. 0.435 D. 0.406
.341 .167 .437 .407

Slight 1oss .345 .169 .437
of Flange .347 .3 .4440

C Area (D.W.) .346 .166 .425.4
S.347 .166 .429 .408

.346 .176 - 27 .417

EIZV: -28' M.L. A. 0,474 8. 0.422 C. 0.433 D. 0.373 _

.474 .426 .433 .375
A D -Hole in .475 .427 .436 .376

web area .473 .429 .433 .373
lxI" .474 .422 .435 .377

.49- .424 .434 .37M
.476 .429 .4.3r 7

.474 .428 .4347AV- U-42h fMy, 0.
, MMEMT C________

GEMAL PME CODITI:______________________________
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WIWL, I nc.

U.S. NAVAL BASE aAN=WV BAY, CUBA, PIER LIM

DM: 8/1/79 BETi 40 1 PLUM M BT'IER PLE # D

OSETC F CAP:

nC TIW OF JACKET:

ULTF9IIC RDWEG: A. 0.419 C. 0.461 E. 0.370 G. 0.487

.420 .460 .3708
IrzV: Under Jacket .425 .459 .7

E - slight .409 .460 .369 .09Pitting .410 .465.3040
.25 deep .. 469 --- 7.4.422 .465.tif4U

A B - lcng .424 .462 6 .435Pit .30 Av. 04=8 AV. .6 V ./ V .
deep B. 0.455 D. 0.441 F. 0.473

.r .452 .440 .fl-

@7.451 .434 .4773
.454 .435 .4772

.453 .436 .470

.451 .440

.47= .441 .7
.4J7 .4/2

X7v.-4n- AV. 0. 439 AV .4 2

__EV: -19 A. 0.426 B . 0.449 C. 0.388 D. 0.470
.426 .448 .3894
.425 T47 4 .46

C A8 pits .41.457 .30.46J.4260 .456 .394 .45/

9.455 .93.4

f l _ 4 V 0 . 4 5 2 A V . 4.

ELEV: -28 L A. 0.449 B. 0.465 C. 0.386 D. 0.473
.449 • .• * b .4/2

A .471 .461 .388
.473- .463 . 3W9 4
.469 ~.461.9441

.468 .464 .385 .471_ 47f .462 .2.87 .7

.472L .465 _ _ _ _ _ __ _!AV. .4h5 AV. 0.4.! .xyV.,,o AIN- E

( PIER OMM 0M:_
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U.S. NAVAL BASE GMUMMOMD BAY, CUA, PIERNA

DAE //9 BEW # 40 ~ JPLMB M Bff=h~ PfE # E

C C NOF CAP:

CONDITIFMC : JK:

U WS9CNIC IDfNG: A. 0.416 C. 0.473 E. 0.480 G. 0.408
.414 .473 .481 .409

EV: Uder Jad~et A* .411 .476 .475
.416 .478 .471 .411
.421 .480 .4740
.415 .477 .4754

F -All small .414 .479. - 4u.-

A Pits hard t .414 .40Ygetgoo Av. 70T. 4 15 --Av. 0.476 .... ... v .0

readings B. 0.488 D. 0.473 F. 0.386
.478 .474
T8 '- .471
vu-0 .41tl .3U

.482 .4/4 .U

.476- .475 .8

0 .476..484 .478 .8
Mr Af- ,7- -

ELEV: -20' A. 0.424 B. 0.466 C. 0.425 D. 0.428
.425 .465 .425 .426
.428 .467 .427

P C B -S al.2 .472.4 34 0
Pits .424 .470 .433 _ _432

.427 .466 .426 .426

.428 .465 .421

AV. IU # -9 I9 V

ELEV: -30 A. 0.479 B. 0.358 C. 0.402 D. 0.375
.478 .359 .402 .379

A .488 M .398 .380
.47T .355 .399 .M7

.356 .410 .375

.484 .355 .402 .u

.486 .356

3"m, KJLBT =: #1 .487, .488 / #2 .488 TestBloc

Qm.L P=R mmmouI: A* 6" indent in flange 1 1/2" deep plus large pit

A-37
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WIM=, Dc.

U.S. NAVAL BASE GANW) BAY, CA, PIER LIM

DATE: 8/1/79 BENT j 40 W LM M BAT3ER PILE # F

CDICIN F CAP:

CC=L CCIG F JACET:

ET- L S -IC 1,D1M G: AP 0.407 C!* 0.423 E. 0.353 G. 0.421
.409 .425 Mr5 .423

IEMV: Under Jacket .422 .424 .350
.411 .418 *.351.430
• 418 .418 .35 _

C - lhickness .410 .417 .360 .419
in pit..37 .4n, .411 .351 •1

CA Beside pit .414 .346 .424
C .42 Av. 0.412 Av. 0.419 Av. 0.352 Av. 0.424

B. 0.457 D. 0.410 ** 0.428
.462 .411 W9
.463 .401 .430

*Severe knife edge - knife edge .464 .402 .4W3
into flange 2 1/2" .402 .425

*Lrge pit .400 .424
***IFlgular pitting .402

7996 .411 •z

_ _V: -21 A. 0.425 B. 0.480 C. 0.448 D. 0.439
.42_5 .480_ .449 .4___

A .4A0.481 .450 .440
.437 .477 .457 M
J .432 .480 4"S.433 .473 .459 .448
.430 .476 .467 .4

.434
A.V.gi AV. U.%oU mV. M

ELEV: -33 A. o.473 B. 0.458 C. 0.488 D. 0.470

.474 .453 .488 .471

A 470 .459

S.465 .46U .

.468 .465 .470 .473
-41 .460 .4704

AVU.liU 7V. APO v .l

A-38
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WISWELL, ni.

U.S. NAVAL BASE CWAMW BAY, aA, PIER LIM

D: 8/1/79 BN # 40 I] P FB'-] BATTER PILE # G

COMMH CP CAP:

aiMCN OPJAKET:

MITSRh-IC HMAIG: A. 0.482 C. 0.453 E. 0.466 G. 0.496
.473 .459 .465 .4M_

Z: EkerCap4 .460 .462 .499
-498 .462 .459 .496
.488 .463 .458 .477
.496 .458 .458 .478
.489 .458 .452 .474

Av. 0.488 Av. 0.459 Av . .48
B. 0.475 D. 0.418 F. 0.485I1.477 .419 A4d/

.480 .422

.478 .418 .8

.476 .417 .4U5

.48• .419.

.477 .420 .494
.417

Ikr n A70 I I..41..w

EL: -20 A.* .431 B. 0.367 C. 0.346 D. 0.466
.433 .361 .351 .465

(A -A24 .367 .354 .471

.430 .356 .351 .473

EEV: -33 A. 0.473 B. 0.481 C. 0.449 D. 0.473
.429 .5 .446 .472

S.481 .486 .347 .48

S -. 42.488 .449 .465.433 .482 .431
.473 " .480 .445 .471

A4 .481 .485_45 .451 -

! u. v. U.N 
. .47 2

C~-e , : ,.K . _ _ _ _ _

T1pside 199-200 intnal test block

GM ,f P3 4 _ __=_._-._-
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wIm, NhC.

U.S. NAVAL BASE (ZWMWL BAY, CMA, PIER LIM

MT: 8/2/79 BENT j 79 PLUM~ F] BATTE~R PILE #. F

OITITCN CF CAP:

OMMMIN c ACET:

ULTWSMIC EADDG: A. 0.459 C. 0.450 E. 0.481 G. 0.355
.460 .450 .487

EmV: Uder Jackt 6.452 .484.468 .451 71115 .33

D - Large 4 -. 449--.4.
Pit .330 deep .466 .4- -.-45
2"x3T

A.460 .4r --- 48
H O a G - Large Av. 0.464 -Av. 0.451 Av.06

Pit .296 B. 0.427 D. 0.457 F. 0.481
S.429 .458 .481

1" x 2 1/2" .421 .462 .482.422 :48
.428 .452 .479-
.429- .452 .479-
.430 .451 .4/-/
.430 .450 T7Z4

_: -15 A. 0.457 B. 0.324 C. 0.440 D. 0.447

.458 5.4374

.459 .323 .439.4

S.462 .321 .433 .436
.458 .320 .431 .443

.458 .322 .430

E -EV -31 A. 0.488 B. 0.339 C. D.
.488 .332 .307 .449

A .489 .330 .303 .4

- Pit .489 .331 .30.44S c - pit .490 " .3-32- .309 .437
S.491 .334 .307 .434

D - Large Pit .491 .331 . .08.-
,MT- 30 .432

A AY -v 0~ T Ty v .442

ammm CUMPTM:__ _ _ __ _ _ __ _ _

QCI PMR ~?CCNDT:____________________________
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WLSWL, UC.

U.S. NAVAL B GN1NAMD BAY, CUA, PIER LIM

DAM 8/2/79 BENT~ __79 PUM M BAMER PITE # G

CODITIK C CAP:

CONDITIONOFJ7AT:

MKRSCWC l DIN: A. 0.457 C. 0.394 E. 0.449 G. 0.441
.454 .394 .449 .440

ELEV: Under Jacket Cal. .488 .453 .395 .448
F - Pits .453 .394 .447 .441
.240 inside .453 .395 .413

.458 .397 .44U4

.457 .396 .448 ./

AV. 0455 Av. 0.395 A Av. 0.4U
B. 0.481 D. 0.410 F. 0.369

7 .483 .410 nil-
.481.41.6

.479 .419 .b
•.484 . .b

487 .406 .369

KBV: -17' A. 0.460 B. 0.388 C. 0.452 D. 0.391
.463 .TT .

A Ct- large Pit .465 79
0 .184 inside .460 .387 .4.55 7

3"x4" .460 .386 -750-.g-
--x4" L-e--.459 .378 .457 .394

•457 ---7 .475
.457 MT-77 .7

ZV: -35' A. 0.394 B. 0.447 C. 0.463 D. 0.446

.396 .449 .464 .449_
_ .393 .450 .465 .T7

C A.397 .453 .467 r
.399 .452 .464
.392 .452 .46T-

.454 .466
AV, . u. AV. u.4 v. 444

GENEL PIER CDM1TX __
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APPENDIX V

PIER LIMA

NAVAL STATION, GUANTANAM4O BAY, CUB3A

GOVENMENT PUFlNISHED INFORM1ATION
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GOVERNMENT FURNISHED INFORMATION

Yards & Docks Drawing #336505 Ship Repair Project, General
Plan (1943)

Yards & Docks Drawing #470806 Rehabilitation of Repair Pier
Lima, General Plan (1950)

Yards & Docks Drawing #470807 Rehabilitation of Repair Pier
Lima, Typical Details-Outboard End

Yards & Docks Drawing #470808 Rehabilitation of Repair Pier
Lima, Typical Details-Inboard End

NAVFAC Drawing #4001966 Repair Pier Lima--Maps, Plan & Section

NAVFAC Drawing #4001967 Repair Pier Lima--Part Plan

NAVFAC Drawing #4001968 Repair Pier Lima--Part Plan & Notes

NAVFAC Drawing #4001969 Repair Pier Lima--Part Plan & Details

NAVFAC Drawing #4001970 Repair Pier Lima--Fender System & Pile
Details

NAVFAC Drawing #4001971 Repair Pier Lima--Details & Sections

NAVFAC Drawing #4001972 Repair Pier Lima--Details & Sections

NAVFAC Drawing #4001973 Repair Pier Lima--Plan Legend & Details
Electrical

NAVFAC Drawing #4001974 Repair Pier Lima--Part Plan-Pier Electrical

"Point Paper on the Preliminary Underwater Survey of Pier Lima,
Guantanamo Bay, Cuba" by Jack E. Baber (July 1979)
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APPENDIX VI

PIER LIMA
NAVAL STATION, GUANTANAMO BAY, CUBA

PETROGRAPHIC EXAMINATION FINDINGS
as conducted by

Construction Technology Laboratories
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construction 5420 Old Orchard Road S . e wDs -. C'* I,

kchnoigy
aboiatones

September 6, 1979

Mr. George C. Wiswell, Jr.
President
Wiswell, Inc.
3280 Post Road
Southport, Connecticut 06490

Mr. Wiswell:

Attached is a report by D. H. Campbell giving results of
petrographic examination of a large concrete sample trans-
mitted by your letter of August 8.

We believe the report is complete and self-explanatory; how-
ever, if you have any questions or if we can be of further
assistance, do not hestitate to contact us.

In keeping with our policy, we will retain your sample
for a period of one year, at which time it will be discarded
unless we receive word from you to the contrary.

Since ly yo %!

J. . Sdeler, Director
Adinistrative and Technical Services

JJS/lg
CT-0616

Copy to -
W. E. Kunze
E. Hognestad
D. C. Sikes
D. H. Campbell

Attachment
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Petrographic Services Report

Project No.: CT-0616 Date: September 4, 1979

Re: Deteriorated H-piling
(Wiswell, Inc.)

A large concrete sample, weighing approximately 50 pounds
reportedly taken from an H-piling (BP14-73) in the tidal zone
of a U.S. Navy installation, has been received from Wiswell,
Inc., Southport, Connecticut, for petrographic examination
relating to extensive deterioration.

Conclusions

The concrete is of extremely low quality, having a weak paste-
aggregate bond. Evidence of extensive paste alteration is
present.

Methods

Procedures for petrographic (microscopic) examination are
detailed in ASTM C-856, "Petrographic Examination of Hardened
Concrete."

Description and Discussion

An attempt to saw a slice from the concrete sample was only
moderately successful. The paste is extremely soft and was
severely eroded during the sawing operation and, consequently,
could not be lapped.

Nevertheless, the sawed slice did reveal segregation of coarse
aggregates (Photo 1), a natural gravel composed mainly of meta-
quartzite, limestone, chert, and a few other sedimentary rock
types. Aggregate top size is approximately 1/2 to 3/4 inch.
The metaquartzite may be potentially alkali-reactive, but clear
evidence of the reaction was not observed.

Fine aggregate is a natural sand composed of ordinary quartz,
metaquartzite, chert, feldspar, and other minerals and rock
fragments. Coarse to fine aggregate ratio is about 55/45.
Paste-aggregate bond is extremely weak.

The soft cream-colored paste contains very few unhydrated
portland cement clinker particles. Calcium hydroxide is scarce.
Ettringite, a hydrated calcium sulfo-aluminate, is common as
needle-like crystals on crack surfaces and within the paste.
Carbonation of the paste on freshly cut surfaces is rapid in
the laboratory atmosphere. The paste has a duli luster. These
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data suggest a high water-cement ratio, although this interpre-
tation is questionable because of the apparent deterioration of
the paste. Other secondary alteration products detected by
X-ray diffraction are brucite and chloro-aluminate hydrate,
which are common products of sea-water attack. The concrete is
not air-entrained. Wire mesh is severely corroded.

b. H. campbellj( supervisor'
Petrographic Services
Technical Services Section

DHC/md
CT-0616

Copy to-
J. J. Shideler
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Photo 1 -- Sawed slice showing extreme paste
erosion and demonstrating the low
strength of the material.

CT-0616
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APPENDIX viI

NAVAL STATION, GUANTANA140 SAY, CUBA

PHOTOGRAPHS
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1. Two of the three man Wiswell, Inc. engineer/diver
inspection team with dive station in background.

2. Getting to work.
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3. View looking
in a southerly
direction straight
out on Pier Lima.

I

4. View of G Row
of Pier Lima taken
from west side
access ramp with
dive station at
Bent #30.

5. Even closer
view of G Row
showing Bents
#20 to #26.
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6. View of A Row looking shoreward from
near outboard end.

7. Typical pile cap damage near outer
end of pier, A Row.
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8. Bent #37, Pile F - note
6" x 16" piece pulled away
from main 12" x 16" timber
pile cap. Note improper
bearing of pile cap to pile.
Inspection revealed that
there were 3 bolt holes overPile F and only 1 bolt in

place and 4 bolt holes over
Pile G and only 1 bolt in
place.

9. Separated joint on west
access ramp. Picture taken
in a westerly direction.

A-50
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10. Section between Bents #15 and #16 showing
typical failed old deck. Note spalled concrete
and deteriorated reinforcing.

11; Angular view over the 12. Bent #77, Pile F--no
edge, showing cracks concrete over both right-
radiating outwards from hand flanges.
each of the flanges.
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13. Bent #81, Pile F--no contact with cap.

14. Bent #81, Pile G--angular contact with
cap. Not full bearing. Also typical loose bolt.
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15. Batter pile between Bents #71 and #72,
G Row, indicating minimal cover on one side.

16. Batter pile between Bents #67 and #68, G Row,
showing minimal cover of concrete jacket, plus
inadequate structural transfer of load across
splice. Note unusual combination of bolt tyones
used.
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17. Bent #44, (not 45) Pile G--approximately 10
percent bearing between top of pile and pile
cap. Note concrete on top of pile plate,
doubtless from the time deck was resurfaced.

18. Batter between Bents #37 & #38 with a section
of the flange removed to allow the pipe to pass.
Also non-alignment of upper and lower batter.
Improper splice design and improper bolting.
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19. Bent #57,
Pile F--decreasing

width as a result
of delamination
and corrosive
action.

~20. 
Bent #55,I Pile F--typical

corner split
referred to in
text. Generally
speaking as a
result of improper
concrete coverage
and resultin
oxidation.

21. Bent #47,
Pile F--top of
typical old
jacket showing
corroded,
reinforcing,
deterioration &lack of
concentricity.
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22. Example of improperly
filled form coupled with
lack of concentricity.

23. Fender nile destroyed
by limnoria at waterline.
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24. Example of snalling
adjacent to flange edge.

25. Close up view of 90 pound concrete sample
removed from lower underwater portion of jacket
on Bent #40, Row A. Note oxidation streaks as
well as apparent void in crncrete. Note two
deteriorated reinforcing rod- coming from top.
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26. Close up under
jacket showina
decreasing ,*idth of
two flanges.

27. Pile on Bent 16, Row F, 28. Cleaned & uncleaned area onimmediately under the cap Pile on Beat #15, Row G, indicatingshowing some of the tools used the typical amount of bio-foulingin measuring. Also the at elevation invrm?' diately under cappicture clearly shows flange and occasion il11 -t mid-denth.width being 0.310". Growth is of !-a7'- &r consistency at
mudline than~ .3 Tictured in this
photogra-'m.
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29. View looking upwards, Bent #40, Row A, showing
remains of old concrete jacket. This is section
where concrete sample shown in photograph #25 was
removed. Note knife edging of flange, decreasing
width, and corrosion streak through concrete in
line with edge of flange.

30. View looking upwards on 31. Pile on Bent #40, Row B.
Bent #40, Row A, on same Hole is immediately under cap.
general side, but on opposite Note decreasing width on each
flange. Note generally poor of the three visible flanges.
condition of concrete and
decreasing width of flange.

A-59

/



32. Mudline photograph showing cleaned and
uncleaned sections. Note the difference in
types of marine growth. Also note absence
of pits.

33. Cleaned section of web. Note the large
pit upper right, as well as small pits
upper left.
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